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1 Introduction
In RAN4#74bis the way forward[1] for RRM requireemnts for high speed scenarios was agreed and gives a number of requirements for study
	The following requirements are to be studied for high speed scenario.

· RRC_IDLE state

- Cell re-selection requirements (including Tdetect, Tmeasure and Tevaluate ) for intra-frequency and inter-frequency in DRX mode

· RRC_Connected state

      -Cell identification delay for intra-frequency and inter-frequency;

      -Qout / Qin evaluation period for RLM


2 Discussion

· RRC_IDLE state
RAN4 requirements for idle mode give broadly similar minimum performance for 0.32, 0.64 and 1.28s DRX cycle. As can be seen from table 1, assuming a speed of 350km/h, the UE will travel around 500m during one Tevaluate period. Good power consumption with shorter DRX has been targeted when these reqirements were developed in release 8, however in a high speed train context the evaluation period is long, even assuming a 2km intersite distance, the UE will move half way from the cell centre to the cell edge during the reselection evaluation period. If the UE fails to reselect, it will need to perform cell selection and SIB decoding to recover, which will in itself lead to increased power consumption. In addition, it is rather likely that charging facilities are available on a high speed train, so there should be a different emphasis on power consumption of mobility procedures, compared with non high speed operation.
To improve reselection performance in a high speed train environment, we propose to shorten Tdetect, Tmeasure and Tevaluate as shown in table 2. This proposal would allow an eNB serving a high speed train environment to improve UE mobility by shortening DRX cycle. We do not think there is much scope for shortening Tdetect, Tmeasure and Tevaluate with longer DRX cycles, because in these cases the requirements are already assuming that the UE makes one measurement per DRX cycle. To give better performance the UE would need to measure more than once per DRX cycle. If the UE is awake during an extra portion of the DRX cycle, it might as well be configured to receive paging at the same time, which improves connection setup time. 
Proposal 1 : Shorter intrafrequency Tdetect, Tmeasure and Tevaluate for idle mode in high speed train environments, especially for 0.32s and 0.64s DRX cycles are considered to be beneficial

Proposal 2 : To prevent increased UE power consumption, the shorter requirements studied in proposal 1 are assumed to be enabled under network control.

Proposal 3 : Interfrequency and interRAT Tdetect, Tmeasure and Tevaluate are also considered.
	
	
	
	
	

	DRX cycle
	Tevaluate(current)
	Distance travelled in Tevaluate (metres)
	Tevaluate(proposed)
	Distance travelled in Tevaluate (metres)

	0.32
	5.12
	497.7777778
	1.6
	155.5555556

	0.64
	5.12
	497.7777778
	3.2
	311.1111111

	1.28
	6.4
	622.2222222
	6.4
	622.2222222

	2.56
	7.68
	746.6666667
	7.68
	746.6666667


Table 1: Distance moved during Tevaluate (current) and Tevalute(proposed) assuming a UE speed of 350km/h
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)

	High speed train deployment not indicated by higher layer signalling
	High speed train deployment indicated by higher layer signalling

	0.32
	11.52 (36)
	1.28 (4)
	5.12 (16)
	8(25)
	0.32 (1)
	1.6 (5)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)
	16 (25)
	0.64 (1)
	3.2 (5)

	1.28
	32(25)
	1.28 (1)
	6.4 (5)
	32(25)
	1.28 (1)
	6.4 (5)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)
	58.88 (23)
	2.56 (1)
	7.68 (3)


Table 2: Enhanced Tdetect, Tmeasure and Tevaluate proposal for intrafrequency idle mode measurements.
· RRC_Connected state

      -Cell identification delay for intra-frequency and inter-frequency;
Main arguments

In [2], it was discussed that cell identification and measurement reporting delay may be tightened, and measurements of commercial UE chipsets were provided. Such tightening would clearly be desirable to improve performance in high speed rail environments. Since RAN4 has specified cell identification based on simulation results, it would be good to understand where improvements in performance can be obtained, and simulate these at least at link level, so that the enhancement can be studied and ultimately specified. For example, some techniques such as performing intra-frequency cell search more frequently than was assumed by companies for release 8 simulations could be considered (search rate is an implementation specific parameter, and is not normally specified in the simulation assumptions for cell search) could be considered. It should also be better understood whether generic techniques to improve cell detection delay are considered (which will have benefit in a high speed rail environment), or techniques which are specific to the high speed train environment are used. 

For enhancement to measurement reporting delay, there might be some negative impact on UE power consumption (which would be better understood once the details of the technique are discussed) so similarly to the idle mode enhancement proposed above, eNB control to enable improved cell search may be considered.
Proposal 4 : Concrete techniques for studying improved cell detection delay should be discussed in RAN4.
In addition RAN4 should discuss whether techniques are targeted to intra frequency, interfrequency or inter RAT measurement reporting. Clearly, intrafrequency meausrements are critical, since the normal handover for high speed train will be intrafrequency. On the other hand, if the UE needs to perform interfrequency or interRAT handover at some point, the delays are longer so it will be more challenging to complete the handover without call drop due to the longer delays involved.

Proposal 5 : It should be discussed whether techniques for improved cell detection target intrafrequency or interfrequency/interRAT mobility
In RAN4#74bis, there were discussions on requirements for DRX measurement [3], and it is indicated in the chairman’s notes that improvements should focus on the shorter DRX cycles. For example, assuming a 5 sample measurement period and 2.56s DRX cycle, and train speed of 350km/h, the UE travels 1.2km during one measurement period at the longest DRX cycle, which is clearly not practical from a mobility perspective. Similarly to the considerations for RRC idle mode, it seems beneficial to consider that the UE makes one measurement sample per DRX cycle, ie does not wake up from sleep state just to perform measurements. The reason is that if the UE will wake up anyway and perform intra-frequency measurement, then it may as well monitor DPCCH at the same time which would give an improvement in latency. In other words, the eNB can achieve a similar effect by configuring a shorter DRX cycle.

Given that the eNB can configure the DRX cycle according to the mobility needs of the UE, we think that any improvement to measurement reporting delay should be focssed on cases such as non-DRX and DRX cycles up to 80ms where the performance requirements are the same as non DRX. Naturally, any such improvement may also give some benefit for longer DRX cycles, especially those just above 80ms, but we do not see this as the primary focus of the studies.  RAN4 should also contine to assume that at most one new measurement sample would be available per DRX cycle.

Proposal 6 : For RRC connected state, the main focus area for studying enhancement is shorter DRX cycles up to 80ms

Proposal 7 : It is assumed that UEs make at most one measurement sample per DRX cycle
Qout / Qin evaluation period for RLM 
Qout and Qin evaluation periods were also discussed in [3]. For non DRX cases, we see it as somewhat risky to shorten Qout. In high speed train environment there are already likely to be cases where there are short receiver outages, and it is known that radio link failure is an issue. A longer Qout evaluation period (along with any configured higher layer filter) gives the UE the ability to remain connected through short outages of PDCCH. With a shorter Qout evaluation period, there is a significant risk of increasing the connection drop rate. Qout is specified at 200ms, which corresponds to only 19.2 metres for 350km/h. 
The main impact of a longer Qout period is that a UE may perform some transmission until the radio link problem is detected, while it is not under eNB control. The harmful impact of this that there is potentially a short period of increased uplink interference until the UE in question detects the radio link problem. This is independent of UE speed, and we do not consider that it would be beneficial to shorten Qout.

For Qin, a shorter period would allow the UE to recover from radio link problem more quickly. However, Qin is already rather short (100ms) and robustness is also important. Therefore we do not recommend shorter Qin.

Similarly to DRX measurements, the DRX requirements for radio link monitoring assume that the UE does not wake up during sleep to perform RLM, especially since RLM is a serving cell measurement. Hence we do not think that it would be beneficial to modify Qout/Qin for DRX cases either, since the eNB can always configure a shorter DRX cycle as needed to achieve the necessary performance

Proposal 8 : Qout and Qin evaluation periods are not shortened for high speed train
3 Conclusions

In this paper we discuss the way forward[1] for RRM requireemnts for high speed scenarios and make the following proposals:

Proposal 1 : Shorter intrafrequency Tdetect, Tmeasure and Tevaluate for idle mode in high speed train environments, especially for 0.32s and 0.64s DRX cycles are considered to be beneficial

Proposal 2 : To prevent increased UE power consumption, the shorter requirements studied in proposal 1 are assumed to be enabled under network control.

Proposal 3 : Interfrequency and interRAT Tdetect, Tmeasure and Tevaluate are also considered.

Proposal 4 : Concrete techniques for studying improved cell detection delay should be discussed in RAN4.
Proposal 5 : It should be discussed whether techniques for improved cell detection target intrafrequency or interfrequency/interRAT mobility
Proposal 6 : For RRC connected state, the main focus area for studying enhancement is shorter DRX cycles up to 80ms

Proposal 7 : It is assumed that UEs make at most one measurement sample per DRX cycle
Proposal 8 : Qout and Qin evaluation periods are not shortened for high speed train
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